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Delayed Fracture Resistance of 1500 MPa Grade Bolts Influenced by Galvanic Corrosion

Tetsuo SHIRAGA, Tomoyuki YOKOTA and Nobuyuki ISHIKAWA

Synopsis : Delayed fracture resistance of 1500 MPa grade bolts was investigated taking account of hydrogen absorption due to galvanic corrosion.

1500 MPa grade bolts with various chemical compositions were served for accelerated delayed fracture test under the given clamp conditions.
Delayed fracture resistance of the bolts appeared to be improved with increase in their K scc values. However, 1500 MPa grade maraging type
steel bolts were delayed fractured although it had extremely high Kiscc value. In order to estimate hydrogen amount absorbed into the testing

bolts due to galvanic corrosion, Thermal Desorption Spectrometry (TDS) analysis was conducted. It was revealed that maraging type steel

touched with a mild steel absorbed large amount of diffusive hydrogen owing to galvanic corrosion. The relationship between delayed frac-

ture resistance of 1500 MPa grade bolts and their Kscc values was discussed from the viewpoint of galvanic corrosion.

Key words : delayed fracture; bolt; galvanic corrosion; hydrogen.
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280°C D 2 KUETIT - 7=, 7& ¥ Table 31I7R L 725 [5RE & 1

Table 1. Chemical compositions of bolt steels examined JIS B 1051 12#E U 72K L b EZKRDFIARRERIZ K D BIE L 7=
0,
(mass%). LDOTHD, %7-SCM43S, Steel A, Steel CO 3 7 THIFEIE
C Si_ | Mn P S Cr | Mo | Ni | Ti N e, = -
SCM435| 037 | 0.25 | 0.65 | 0.019 | 0.015 | 1.11 | 0.17 | 0.06 | - ZHFNIHyRifE 15 um, 10 ym, 25 um DHER L v LT 4
Steel A | 040 | 0.21 | 0.80 | 0.006 | 0.008 | 0.68 | 0.22 | 0.58 | 0.04
Steel B [ 0.001 | 0.02 | <0.01 | 0.002 | 0.001 | 10.3 | 0.99 | 10.1 | 1.51 Table 3. Heat treatment conditions of testing bolts.
SteelC | 0.30 | 0.25 | 0.80_ | 0.005 | 0.007 | - - [ 9.0 [004
No. Bolt size Heat t condition Tensile g
Quench Temper (Aging) as bolt (MPa)
Table 2. Heat treatment conditions of Kjscc evaluation test SCM435 M2 860C for lhr | 380TC for 2br 1299
specimens. M22 860°C for 1hr 420C for 2hr 1410
M22 860°C for 1hr 450C for 2hr 1333
No. Heat condition Tensile M22 870C for 1hr 480°C for 2hr 1290
Quench Temper strength(MPa) M22 870C for 1hr 500°C for 2hr 1224
SCM435 850C for 1h—0Q 425C for 2hr 1421 Steel A M12 870C for lhr | 390 for 2hr 1395
475%C for 2hr 1303 Mi12 870°C for 1hr 450°C for 2hr 1282
500°C for 2hr 1245 M22 870°C for 1hr 360°C_for 2hr 1546
Steel A 850C for 1h—0Q 400°C for 2hr 1531 M22 870°C for 1hr 390C for 2hr 1472
450°C for 2hr 1345 M22 870°C for 1hr 420°C for 2hr 1434
Steel B 880°C for lhr>WQ 500C for 2hr 1721 M22 870°C for 1hr 460°C for 2hr 1316
550C for 2hr 1509 Steel B M12 880 for 0.5hr | 550C for 1.5hr 1511
Steel C 900C for 0.5h—WQ 250°C for 1hr 1509 Steel C M22 900°C for 1hr 280°C for 2h 1476
300 for 1hr 1390 M22 900°C for 1hr 240C for 2h 1564
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Fig. 1. Configuration of a specimen for Kjscc evaluation test.
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Table 4. Conditions of accelerated delayed fracture test for the bolts.

Test period 6 months

Test environment

Agqueous solution of 3% sodium chloride (exchange at every month)

Alternate immersion test
condition

Immersing the bolts for 24hr followed by 24hr of air drying above the solution

Clamp condition

0.850y, Oy, 0max at each strength level

Number of test bolt

N=10 at each clamp condition

Judgement of usability

as bolt —(Q : usable as bolt

None of the bolts fractured under all the clamp conditions

At least 1 bolt fractured under all the clamp conditions
—@ : not usable as bolt
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Fig. 2. Results of K;scc evaluation test.
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Fig. 3. Results of accelerated delayed fracture test for the
bolts.
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Fig. 4. Hydrogen thermal desorption curves of the speci-
mens.
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Fig. 5. Hydrogen thermal desorption curves of the speci-

mens touched with a mild steel wire.
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Table 5. Electrode potential of the bolts (Volt).

Without nut With nut Reduction of potential
Steel A 0.588 -0.642 0.054
Steel B 0.450 -0.660 0.210
Steel C 0.508 0.601 0.093
O o e e e L G e o s e .
. 0.4 -1
g o -
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Fig. 7. The relationship between electrode potential reduc-

tion and hydrogen content increase due to galvanic
corrosion.
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FAETTCHEETABBE LT, B FOIBAERYENS
B MEROBS, 5 3EL FIEEEA P2 B &K
AEFICAZEORTL 55V E LOBME» L EEN
MALRTWS, SREOFL F OENBIBIOERR TS,
AN METARTEEES R x L 2L TGRABRE LTV S
DT, BEOHBIIEETEX S, LrLATOIREDIS
BIL Ciz7zneEymEcEay, $/hbbH, Steel BTH
WEMRAEL FOE FHLAZEITI2mm TS D, M22K
L bD16mmE L RTIEHEDRERIKELS BT 5,
TDOZLNSteel BAIL FOE FTOEHBEEZIRLZ
ZEenEIGNSE, LAL, RIEREDOAZTVLMI2AE
JL T8, Steel A (1395 MPa)DIFA T RT X VE TR L
Il AEBEAIAL, HIOBIHEREIRRERE BE X
=<,

TIZT, BEBEMEMICEKVRALZTEMARRE AL
F OB EOBMRIZDONWTEZ S, R AR EME
BT BBATIE, RV MEE (7 v v v — & O)
LhUE (Fv b EOREM) Thsd., BEBEMEMREFL
bRET & A UEBICIASIC/ER L, ZhIZK DAL IEE
HARZR, FRFhALIPEFERECBORDERFHIZE
My ssEAONS, RCADICHERBLBERS 0D,
B ARESRERIC RSO L, B FTRIEH
weh A EAT TR RS ER LR, 22 TEH
REFECRT koMl N5, FEMRTIhN2
E312, Steel CIZBEWTEFEL FAE N CHWAET 52
LAHD, FREGLASTLEHATIIAWD, ERE
PEFNZ & BIEEEARRBEA A FU b OBENTR E I E K
IFTL-mgEMdH 5.

5. ¥S5

A% Tld SCM435, SCM435 & 0 Cr, PE K<, C, Ni,
MoBEAE< L, Ti &ML 7= Steel A, {KC <L 1 — DHIEL
530 Steel B, ¥ & 180.3%C-9%Ni B 73R D Steel C D753
RENZONWT, EME L TORENBUERE L, EERITH
i L2z b & L CORBENBHERME 2, BRE
FERIZ K B AL FNDAKKRBAICEH L TERET 72,
BohMRAELITIIRT,

(1) HRMOFME L TOMENBIEE 2 ILE T S

45

SN IER] & E 5 L 7 1500 MPa#i f14L b EMORHEN BRI

T, 3% EEAKEEPICEOTEMNERL LWV TR
RO PRI . Ksce DFHli 217 > 72, SCM435, Steel
A, Steel CIZBWTIZFIEM X AKRE L & D L Kisce BHER
MIZE F L2, —H Steel BIZ2DWTIE, FIEM S
1509 MPa @ 550°C BS54 (GBE:%)) Tid 69MPa-m'? & JF
FWIZE W Kscelli 2R T OIZ L, 5IRM® & 1721 MPa®
500°C B 444 T 13 20 MPa-m"? & KR IZ{K T U7z [l—35
BERR X T LI 351 TIZ SCM435, Steel A, Steel C, Steel B
DIEIZKsce HREL BTz,

(2) FEAL L EHHDHT T 3% REAREZER DR LIS
& BB RER A 1T - 7SR, SCM435 TR B K%
1300MPa Ll T, Steel A TiZ 1350MPaLll FD5IIRM X DR
JL b TN U & h > 72, Steel CTIE1500MPa b
OBBRE X AH T HAL MIBOWTTENIIENEC 2 h o
oo THASOMTIZEMD Ksce A RKEWIFZE RN b D
NEAE 12 <0 A8, Steel BIZBIL Tid, Kscefid &
WZEBH ST, KL FOBABIENREL 2,

(3) ERSHE DBz k> TRIHIEBEBATZKERID,
Steel A T3 0.067 ppm, Steel B T i 0.432ppm, Steel C Tid
0.170ppm T& D Steel BA i & < o7z, ZOKKRER
F o b EOEMIZLSEELFORBEBMICTEEHL
2. Steel Bk W T O AILEMERZTLBRM S,
0.432 ppm @ S 5 0.32 ppm AHLEIEKRETH > 720

(4) FTMODKsceliA K X WIZEEDH S T Steel BRI

Mk TEBABESREL ZFREAO—D2& LT, T v b,

7yl — L OBOKBABMERIZ XD AL MZKEDOH
BMEAZEMEAL, THIZEDENEOTHERIES
IZRELE-Z2EBZLILNS,
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